This paper presents some new results on the price discovery process in both the Canadian and U.S. 10-year Government bond markets using high-frequency data not previously analyzed.
Introduction
This paper presents some new results on the price discovery process in both the Canadian and U.S. 10-year Government bond markets. We look at the relative information content of cash and futures prices in the market for Canadian Government bonds using futures data from the Montreal Exchange and OTC cash data reflecting activity in the inter-dealer market covered by
CanPx, a consolidation of screen-based, inter-dealer voice brokers. The paper also examines price discovery across futures and spot markets for the U.S. Open pit and electronic market trading data for the 10-year Treasury note come from the Chicago Board of Trade (CBOT) while spot market data comes from GovPx, a consolidator of inter-dealer voice brokers, and BrokerTec, the dominant electronic inter-dealer broker platform. This paper has two main contributions. The first is the within-country comparison of price discovery across futures and cash markets for Government debt which has received limited attention in the literature and none using the BrokerTec data which is the most up-to-date available. The second main contribution is the U.S.-Canadian comparison which is interesting given that Canadian markets are much smaller, with less trading and wider spreads, and that the inter-dealer brokered market is still largely voice-based.
We follow the information-share approaches introduced by Hasbrouck (1995) and GonzaloGranger (1995) building on the ideas of Booth et al. (1999) to evaluate contributions of trading in the cash and futures markets to the price discovery process. The two approaches work in a vector error correction model but offer alternative methodologies for separating long-run price movements from short-run market microstructure effects. Both techniques are used to offer a robust analysis and because each has its advantages and disadvantages. As well, we determine size and temporal measures of market adjustment to equilibrium during the price discovery process in the spirit of those introduced by Yan and Zivot (2004) .
We find that, on average over the full sample, about 70% of price discovery occurs on the futures markets in both Canada and the U.S. Similarly, the futures markets have smaller cumulative deviations from new fundamental values following shocks and are also able to find these new values significantly quicker. It is also revealed, however, that over the last two years of the sample (2004-05) the contribution of the U.S. futures market to price discovery has been declining despite a number of changes that have been made to improve the quality of that market. Improvements in the electronic trading platform in the spot market seem to be drawing price discovery away from the futures market through increased volume and lower spreads. At the end of 2005, about 50-60% of price discovery was on the U.S. electronic spot market. The
Canadian results were relatively more stable but there were also fewer changes and shocks to the trading systems. The Canadian spot market has maintained a sizeable contribution to price discovery, about 30%, despite being compared to a growing electronic exchange-based market.
The paper is organized as follows. We present a brief review of the antecedent literature on price discovery in section one. Section two surveys the econometric methodology employed in the paper while section three introduces the various markets considered in this study. Section four presents some descriptive statistics for the individual markets followed by section five which relates the main empirical results of the paper. Price discovery information share and impulse response measures are computed and compared across the markets. Section six discusses the determinants of the information shares and the final section offers some conclusions.
Related Literature
Price discovery refers to the process through which financial markets converge to the efficient price of the underlying asset. Theoretically when two similar markets for the same product are faced with the same information arriving simultaneously, the two markets should react at the same time in a similar fashion. When the two markets do not react at the same time, one market will then lead the other. When such a lead-lag relation appears, the leading market is viewed as contributing a price discovery function for that sector. Price discovery has been and continues to be an active field of research. The following researchers have looked at this question using a number of different cash and futures markets; in particular, Garbade and Silber (1982) looked at commodity futures, Stoll and Whaley (1990) , Chan (1992) examined U.S. stock index futures, Grunbichler, Longstaff, and Schwartz (1994) studied German stock index futures, Poskitt (1999) has studied New Zealand interest rate futures, Upper and Werner (2002) examined German Bund Markets, and Mizrach and Neely (2005) analyzed the U.S. Government bond markets. Finally, Campbell, Chung, and Hendry (2007) completed a preliminary analysis of the Canadian 10-year Government bond markets that serves as a starting point for this paper. A full description of the recent literature on the information share and price discovery literature can be found in Campbell, Chung, and Hendry (2007) . This section will only relate some of the highlights from this work.
Microstructure research typically finds that the futures market leads the cash market and contribute more to the price discovery process. The principle explanation for this is that futures markets generally have relatively lower transaction costs given that they are typically exchange based as opposed to over-the-counter markets. The trading cost hypothesis of price leadership that predicts that the market with the lowest overall trading cost will react most quickly to new information (see Fleming, Ostdiek, and Whaley, 1996) .
As we have suggested, a number of different methodologies have been used to determine the time difference in the lead-lag relationship. In this paper, we will focus on the information share methodologies of Hasbrouck (1995) and Gonzalo and Granger (1995) . Hasbrouck (1995) is based on the assumption of an efficient price common to both the futures and cash market and characterizes a market's contribution to price discovery -its information share -as the "proportion of the efficient price variation that can attributed to that market." (p. 1177).
Hasbrouck has argued that the appropriate econometric context for the analysis is supplied by the vector error correction model (Stock and Watson, 1988) . Another approach is supplied by the identification of long-memory common factors suggested by Granger and Gonzalo (1995) . The relative merits of the two approaches are the subject of some discussion; a special issue of the (2002) is devoted to the topic. While much of the previous literature has examined on equity markets, our focus is on fixed-income markets. Upper and Wener (2002) is very much in the spirit of our contribution. They examine price discovery between the German Bund futures and spot markets during 1998. They find that between 67% and 81% (using the Hasbrouck methodology) or about 83% (using the Gonzalo-Granger methodology) of price discovery occurred in the futures market during the relatively normal times of the first half of 1998. However, during some of the more volatile periods in the second half of 1998, particularly around the time of the LTCM crisis, the share of price discovery of the spot market fell to near zero. They claim this is consistent with anecdotal evidence they have that during stress periods spot trading simply follows the futures markets.
Journal of Financial Markets
A recent addition to the literature is Mizrach and Neely (2005) who use the Hasbrouck and
Granger-Gonzalo information shares to investigate bivariate price discovery across different cash and futures markets for U.S. Government bonds of different maturities. An innovation in this paper is the study of price discovery in a system of futures and cash bond prices of different maturities. For 10-year bond data, the cash market dominated price discovery from 1995 to 1999
with an information share above 50%. However, in 2000 the cash market information share dropped significantly and the futures market began to dominate price discovery. In the full specification combining different maturities, it was found that trading in the 5 year bond cash market and the 30-year bond futures market dominated price discovery.
A recent paper examining price discovery across markets by Yan and Zivot (2004) assesses the efficiency of price discovery by the magnitude of pricing errors given by impulse response functions of the reaction to a permanent shock to the efficient price. Their methodology is similar in spirit to Hasbrouck (2003) but takes it a step further to measure numerically deviations from the efficient price. They apply their methodology to the case of price discovery for the JPY/EUR exchange rate by comparing the prices in the direct trading market to the markets for indirect implied trading via USD/EUR and JPY/USD. They find that substantial price discovery occurs through the USD markets due to the much greater degree of liquidity available in these markets.
The relative liquidity and lower transaction costs of the USD markets are conducive to the efficient assimilation of dispersed economy-wide information.
One other recent paper is worth mentioning even though it does not use the information share methodology. Brandt et al (2006) investigates price discovery across four U.S. Treasury cash and futures markets, the 2-, 5-, 10-, and 30-year, for the period from 1995-2000 using GovPx and CBOT data. They find that net order flow has significant explanatory power for price dynamics in both cash and futures markets. In particular, net order flow in two and five-year spot markets and in the futures markets by exchange members and retail traders is important for both cash and futures market price discovery. Overall, they find important cross-market interactions in the price discovery process. The current paper does not focus on the contribution of order flow to price discovery but instead focuses on a much more up-to-date sample, uses a different methodology, and makes an international comparison. The role of order flow in the price discovery process will be the focus of future work.
The current paper extends earlier work in Campbell, Chung, and Hendry (2007) which estimates information shares for only the 10-year Government bond futures and spot markets. That paper estimated information shares using basic OLS, as have previous papers, as well as a GARCH specification in an attempt to control for the obvious presence of heteroskedasticity. Futures market information shares were found to be about 70%, or slightly lower when using a GARCH model. The current paper estimates a more unrestricted version of the VECM from Campbell, Chung, and Hendry (2007) and makes the comparison to the U.S. results.
Price Discovery Across Markets
Both the Hasbrouck and Gonzalo-Granger approaches to price discovery feature a decomposition of price movements into a permanent, non-stationary component and a transitory component.
Although ultimately related, the two approaches differ on how the permanent component is identified. With the Hasbrouck approach, the permanent component is a martingale and accordingly reflects features of efficient market behaviour. By contrast, the non-stationary component in the Gonzalo-Granger approach may be forecastable. Our intent is not to comment on the relative merits of the two approaches. There appears to be some consensus in the literature that both are useful. Here we outline the essential components of the two approaches. For further details on these specifications, it should be noted that a recent issue of the Journal of Financial Markets (2002) describes and assesses the two approaches in some detail.
Assume that a particular asset is traded in N different markets with I(1) prices represented by p it for I = 1,…,N. Suppose the prices are cointegrated and have an r th order VAR representation in levels. Such a specification can be converted into a first difference or return VECM as follows:
(1) ,
where p t is a vector of the N prices, v t is an error vector with covariance matrix Ω, and α (NXR), β (NXR), and B j (1XN) are parameters to be estimated (with R being the number of cointegrating vectors among the N prices). The error correction term β'p t has rank R=N-1 since all the prices in the N different markets are cointegrated and will move together over time. This vector of error correction terms is given as
Some previous studies have chosen to assume (1, -1) cointegrating vectors between prices in different markets, especially when the assets involved are equity based.
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However, it can be argued that spot and futures bond prices are not directly comparable so a more general specification should be allowed. In this paper, we adopt the more general specification in (2), as do Mizrach and Neely (2005) , to account for effects coming from the conversion factors applied to the different bonds in the basket of deliverables for the futures contract and from intraday movements in the prices on repo transactions, which are often used to finance bond positions.
The adjustment coefficients in α govern the speed at which prices respond to disequilibria in the prices between markets. As α j ?0 the price in market j responds less to a disequilibrium between markets implying that market j tends to lead, not follow, and that it accounts for more of the price discovery for the underlying asset.
The Hasbrouck (1995) approach follows Stock and Watson (1988) to decompose prices into their permanent and transitory components. After rewriting (1) in moving average form,
, some algebra can generate an expression for the price level that has a permanent and transitory component:
where C(L) and ) ( L C are matrix polynomials in the lag operator L. The first term is the permanent component while the second is the transitory. C(1), the sum of the moving average coefficients, has identical rows due to cointegration between the prices. Baille, Booth, Tse, and Zabotina (2002) show that
where π is a scalar factor and α ⊥ and β ⊥ are orthogonal complements of the parameters in (1).
If c= [c 1 … c N ] , then the permanent contribution of the innovation vector v t to the price is cv t with variance given by cΩc', where Ω is the covariance matrix of v t . Since Ω is typically not diagonal, Hasbrouck proposes using a Choleski factorization of Ω to find the lower triangular matrix F such that FF'=Ω. The Hasbrouck information share for market j is then defined as: (5) ' The second measure of information shares is based on Harris, McInish, Shoesmith, and Wood's (1995) application of the Gonzalo and Granger (1995) normalized so that they sum to one, then they can be interpreted as the contributions of the prices to the permanent component. Gonzalo and Granger (1995) showed that the vector of factor weights (Γ) is orthogonal to the vector of error correction term loadings (α) in (1). In other
. This implies that the factor weights and GG information shares in a bivariate example are given by In short, the differences between the two approaches relate to the martingale feature of the Hasbrouck approach contrasted with the Gonzalo-Granger approach, and the fact that along with the weights associated with the error-correction adjustment the Hasbrouck approach considers as well the variances of the underlying innovations. These points are emphasized in Baillie et al (2002) .
One final point to note is that the Hasbrouck information share is bounded by [0,1] by construction. The GG measure, however, sums to one across the two markets but is not necessarily bounded by the [0,1] interval. As such, there are examples in our day-by-day estimation for which the GG information share is outside the [0,1] interval and thus quite difficult to interpret.
The Canadian case will compare price discovery across two markets, the electronic futures market for the CGB and the inter-dealer brokered market covered by CanPx. For the U.S., price discovery information shares will be investigated across three markets, the futures pit at the CBOT, electronic futures trading also at the CBOT, and electronic inter-dealer trading via BrokerTec.
Another manner in which price discovery has been studied recently is to examine the shape of the impulse response functions in each market following a shock. Hasbrouck (2003) According to this approach, we first compute the cumulative difference between the impulse response value in each period and the value to which it converges in the long-run. Since structural shocks are identified via Choleski decompositions, it follows that there are four impulse responses for each of two decompositions in the bivariate case (two variables responding to two shocks according to two decompositions). Within each decomposition, the cumulative sums are then weighted by the share of the asymptotic variance decomposition for that market and shock (i.e., the futures market response to a cash market shock is weighted by the contribution of the cash market to futures market volatility in the long run). In turn, each
Choleski decomposition is equally weighted. The result is a cumulative pricing error. Higher values of the error imply slower convergence to the new long-run equilibrium value following a shock; in other words, there is slower price discovery in that market.
In this paper we have used another statistic that is perhaps easier to interpret than the cumulative pricing error in the previous impulse-response analysis. We determine, for each shock, the number of periods it takes the cash and futures market to return to equilibrium, or more precisely, to within a close approximation (10%) of equilibrium. The estimates for each impulse response were weighted in the same manner as above to yield an average number of periods until convergence. Accordingly, we then have a simple time measure of the relative efficiency of the two markets in processing new information.
All of the estimation in this paper was done using OLS. The VECM models estimated using Canadian data and the bivariate U.S. model with GovPx data assumed two lags based on the average across the daily results of different information criteria. The U.S. trivariate models with two futures markets and a spot market assumed six lags.
10-Year Spot and Futures Data in Canada and the U.S.

Canadian Data
The source for the spot market data for the Government of Canada 10-year bond is Moneyline
Telerate's CanPx system. A detailed analysis of liquidity in this market can be found in D'Souza, Gaa, and Yang (2003) . CanPx is a data service that consolidates and disseminates trade and quotation data submitted by Canada's fixed-income screen-based inter-dealer voice brokers.
Over the sample period, the four Canadian inter-dealer brokers ( Seven complete contracts fall within the purview of the Canadian portion of this study. In general, the trading days associated with a specific contract run until one to three days after the first notice of the contract. The cutoff is determined at the point where the volume for the next contract exceeds that of the current contract. Days with early closures before holidays, greater than two hours with no price update (typically signaling a technical problem with the recording of data), and with more than one minute of missing data at the beginning of the day are excluded.
All told there are 385 trading days in the sample.
Since firm bid and ask quotes are available for both Canadian markets, the mid-point of the bid and ask prices is used as the fundamental variable to be modeled. There are considerably more frequent quote updates throughout the day than there are transactions so this focus on quotes allows for a data set with much richer and more realistic price dynamics. Only data on the 10-year benchmark bond are used.
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The data are sampled at 30-second intervals implying 800 observations per day. 30 seconds was approximately the average duration between quote updates on the futures market. Finally, based on results from various information criteria, the VECM was estimated with two lags for each day in the sample.
US Data
There are two sources of spot market data for the U.S. Government 10-year bond. The first is Subsequent spot market data originates with BrokerTec, an inter-dealer electronic trading platform of secondary wholesale U.S. treasury bonds that currently has a market share of approximately 60-65% of the active issues. While BrokerTec does still offer voice-broker services, the data available is for its electronic platform and comprises the vast majority of its activity. Its success since it opened for business in June 2000, as well as that of other electronic competitors, is one of the main reasons for the decline in trading reported through GovPx. The
BrokerTec platform increased its market share substantially during the sample under study by offering a fast and efficient trading system that was kept state-of-the-art.
BrokerTec functions as a limit order book and operates from 7:00 pm until 5:30 pm EST the next day. Data on the full order book is available but only transactions prices will be used in this study to match data available from the futures market. The intraday data is available from April There were a number of changes to the CBOT trading environment during the sample period. In January 2004, the CBOT adopted the clearing system of the Chicago Merchantile Exchange (CME) which allowed its members, particularly those who are also CME members, to save some $1.8 billion in risk capital. At the same time, the CBOT adopted the electronic trading platform of LiffeConnect from Euronext which substantially improved trading speeds. One of the main reasons for these changes was the impending entry to the Treasury futures market of Eurex. On CBOT set these limits to improve contract performance and ensure the integrity of the market, but it was not a universally popular change among the larger players. All of these changes could have had a substantial effect on the price discovery process. The improvements in the trading framework at the CBOT would likely have increased price discovery on the futures market, while the increased competition from Eurex and increased fees could have driven price discovery away.
As with the Canadian sample, only full days are considered. Days with early closures before a holiday or significant periods of missing data are excluded. Days with more than one minute of missing data at the start of the day (8:20) are also omitted to ensure sufficient data was available before the 8:30 typical macro news announcement time. For the GovPx sample, days with fewer than 30 trades are excluded. Similarly, the GovPx sample is terminated at May 29, 2001 due to long periods of inactivity in the subsequent period. This leaves seven contracts of data covered by GovPx and 15 contracts of data covered by the BrokerTec sample. As mentioned, transaction prices are used instead of quotes because quotes are not available for the futures market. The data is sampled at a 5-second interval when using the BrokerTec data but at a 30-second interval when using the GovPx data. Finally, based on information criteria test, the VECMs were estimate with two lags for the GovPx bivariate system and six lags for the trivariate systems.
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To sum up, the paper will compare price discovery in Canada for an electronic futures market and a screen-based inter-dealer voice brokered spot market to the U.S. for an open pit futures market, and electronic futures market, and an electronic inter-dealer brokered spot market.
Descriptive Statistics
Before presenting the price discovery information shares, Tables 2 and 3 provide a basic description of trading activity and bid/ask spreads across all of the markets. Further background information on the Canadian markets is contained in Campbell, Chung, and Hendry (2007) The CGB market saw the average daily number of trades increase from about 540 trades for the June 2002 Contract to just over 950 trades in the September 2004 contract period (see Table 2 ).
This represented a daily total volume increase from about 5250 contracts to 7300 contracts. The average daily trade size, however, fell from about 9.8 contracts to about 7.8 contracts. With a notional value of $100,000 per contract this implies an average trade size of less that $1 million and a total daily notional volume of over $700 million. In contrast, in the inter-dealer spot market Table 3 ).
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At the same time, the spot market spread fell from 7.20 to 5.65 basis points. Both markets experienced reduced trading costs over the sample but, in each case, the CGB spreads were smaller by about 40% or more. This represents a potentially substantial savings for traders and a strong expectation for more price discovery in the futures market than in the spot market. 
Price Discovery: Empirical Results
The Gonzalo-Granger and Hasbrouck information shares are reported in Table 4 The point estimate for the futures market information share is greater than 0.5 on over 85% of days. Using bootstrap generated confidence intervals, we find that 51.4% and 36.1% of days, according to the GG and Hasbrouck results respectively, had futures market information shares significantly greater than one-half. Futures market shares that were significantly less than onehalf were only observed on 4.2% or 1.0% of days for the two techniques. Finally, the futures and cash market information shares were insignificantly different from 0.5 on 44.4% of days for the GG results and 62.9% for the Hasbrouck.
The results using the transactions prices instead of the mid-quote reveal more or less the same pattern but attribute a slightly smaller share to the futures market, 59.9% when using the GG methodology and 71.9%-76.1% for Hasbrouck. The day-to-day variation when using the transaction data was higher which is also shown in the fact that only just over 20% of days revealed a futures market information share of greater than one-half.
In sum, it appears that about 70% of price discovery in the Canadian market for 10-year government debt occurs on the futures market. These results are quite similar to those recorded in Campbell, Chung, and Hendry (2007) Table 5a . The GG information share for the spot market is, of course, just one minus the share(s) for the futures market(s). The Hasbrouck information shares are given in Table 5b for the futures and spot markets. In a trivariate system, the Hasbrouck ranges do not sum to one (the point estimates computed for each Choleski ordering do sum to one), so the cash market information share is also given. that intraday data is not available. 9 The point estimates computed for each Choleski ordering do sum to one but the Hasbrouck lower and upper bounds need not sum to one with more than two markets. Tables 5c and 5d contain the results when computing GG and Hasbrouck While these changes generated a significant savings in risk capital for firms trading on the CBOT, it seems that they may have also contributed to a decline in the amount of price discovery that occurred in the futures market. Recall from Table 1 with no apparent increase in CBOT information shares suggests that competition from Eurex did not take a significant proportion of price discovery from the CBOT. Tables 4 and 5a Table 7 reports the cumulative deviation from the new long-run value following shocks to the VECM while Table 8 uses the same impulse response functions to compute the average number of minutes needed to come within 10% of the long-run asymptotic value. Qualitatively similar results are seen in Table 8 . The spot markets take significantly longer to reach the new long-run fundamental value following a shock. The U.S. took 5.7, 5.3, and 8.2 minutes on average for the pit, electronic futures, and spot markets, respectively, to discover the new fundamental prices. In Canada, the futures and spot markets took 6.1 and 9.7 minutes, but that does not explain why the spot market convergence times also declined. One final observation is that, despite the significant differences in the overall mean results, about 63% of days in Canada and 50% in the U.S. show no significant differences in the convergence times for spot and electronic futures markets. Table 9 presents the results of regressions that attempt to explain daily movements in the Two final points of interest are that there was a small shift up in futures market price discovery after the first contract and that the first three days of a new contract seemed to have significantly lower price discovery for the futures market.
The Determinants of Information Shares
In the U.S. case using BrokerTec data, the fit was much better for the electronic futures market information share than for the futures pit. For the pit, the expected effects were found for the volatility and number of trade variables but the opposite effect was found for the spread variables. The fit was much higher for the electronic futures market, where much of the explanatory power came from spreads and the number of trades. Higher spreads in the electronic futures market relative to the spot market significantly lowered the futures market share of price discovery. Relatively higher levels of trading activity in the futures market compared to the cash market raised the futures market share. The volatility variables had the correct signs but only weak effects. Greater trading on the pit market tended to raise the information share of the electronic market but this probably reflects some form of colinearity with the other variables.
Recall that the trading levels for the futures market and spreads for the BrokerTec spot market declined after January 2004 and these are largely responsible for the fall in the information shares for the futures market over the subsequent period. There is, however, still some marginal decline in the information shares over the 2004-05 period that is unexplained.
Movements in the futures market GG information share during the GovPx sample are mostly explained by changes in trading activity. Higher futures market trading raises shares while cash market trading has the opposite effect. Hasbrouck shares are also explained by spreads although the sign does not conform with expectations. Table 10 gives the results for the same equations as Table 9 but estimated in first difference to remove the trend component from the variables. The fit of the equations is, not surprisingly, much poorer especially for the Hasbrouck midpoint and for the GovPx and futures pit specifications. The qualitative flavour of the results is, however, quite similar. Higher spreads and volatility tend to reduce price discovery while more trading raises it.
In sum, bid-ask spreads, levels of trading activity, and volatility all have a role to play in explaining the day-to-day variation in the estimated information shares. Some of the effects are contrary to expectation and warrant further analysis. Much of the day-to-day variation in price discovery is still unexplained.
Conclusions and Future Research
This paper examines the contribution to price discovery by futures and cash markets for 10-year Government debt in both Canada and the U.S. This is an interesting question given the relatively little attention that fixed-income markets have received in the microstructure literature. Research has typically found that futures markets with their generally lower level of transaction costs dominate price discovery. Our work verifies this expectation but finds some interesting changes in the data over the sample.
About 70% of price discovery occurs on the futures market in Canada. Over the full sample since early 2002, a similar amount of price discovery occurred on the combined futures pit and electronic futures markets in the U.S. There has, however, been a declining degree of price discovery that has occurred on the U.S. futures markets since early 2004. Towards the end of 2005, only just over 30% of price discovery was attributed to the electronic futures market while the futures pit still accounted for around 10%. The declining information shares for the U.S.
futures market is in part attributable to changes in the trading platform that occurred in January 2004. These changes reduced the number of trades per day on the market and, even though the overall number of contracts traded continued to increase, contributed to the decline in price discovery. The continued strong growth in spot market trading also helped to transfer price discovery to the spot market.
Future work will focus on expanding the specification of the underlying VECM to model the effects of such variables as order flow and macro news announcements. This will help us to better understand how much price discovery comes from trading in each market and how much from other factors. Spreads are calculated as a percentage of the mid-point of the bid and ask prices and are expressed in basis points. The spread for the U.S. futures markets are estimated as the mean price change whenever there was a price change. All other spreads are computed directly from quote data. The reported statistics are computed across the daily estimates for the contract. The columns "%Days>0.5" and "%Days<0.5" are the proportion of days for which the 90% bootstrap confidence interval for the daily information share was above or below 0.5, respectively. The spread, trade, and volatility explanatory variables have been standardized by their standard deviation. t-ratios are in brackets on the second row of each entry. First Days dummy is for first 3 days for each contract in the Canadian models. Contract #11-19 is one for these contracts and zero otherwise The spread, trade, and volatility explanatory variables have been standardized by their standard deviation. t-ratios are in brackets on the second row of each entry. First Days dummy is for first 3 days for each contract in the Canadian models. Contract #11-19 is one for these contracts and zero otherwise 
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